Carnitine palmitoyl transferase (CPT) 
Carnitine palmitoyl transferase (CPT) type 2 deficiency is an autosomal recessive disorder resulting in a defect in mitochondrial fatty acid oxidation 1 . In times of increased stress, such as exercise, intercurrent illness and extremes of temperature, extra energy production is required from fatty acid oxidation. Long chain fatty acids are the major group of fatty acids provided to the tissues as an energy substrate but do not diffuse across mitochondrial membranes. This requires their activation by long chain fatty acyl-CoA synthetase, on the outer mitochondrial membrane, to generate long chain fatty acyl-CoA. Normal functioning of the CPT system is required to ensure long chain fatty acyl CoA is transported to the mitochondrial matrix where it is needed for ß-oxidation. The CPT system incorporates two enzymatic complexes named CPT1 and CPT2. CPT1 is located on the outer mitochondrial membrane and CPT2 on the inner mitochondrial membrane. CPT1 catalyses the formation of acylcarnitine from carnitine and long chain fatty acyl-CoA. Acylcarnitine then crosses the inner mitochondrial membrane where it combines with CoA to form acyl-CoA; a process catalysed by CPT2. Acyl-CoA is then available to undergo ß-oxidation.
Deficiencies of both CPT1 and CPT2 have been described and leave patients unable to derive energy from fatty acid oxidation. Once immediate glucose and glycogen stores are exhausted, hypoglycaemia may occur. This can progress to rhabdomyolysis with muscle pains, hyperkalaemia, metabolic acidosis and myoglobinuria. In severe cases acute renal failure, cardiac arrest and death ensue 1 . We present a case of anaesthetic management in labour of a patient with CPT type 2 deficiency and compare the management of this case with that described in previous reports. Written consent was obtained from the patient concerned before writing this case report.
CASE REPORT
A 31-year-old primigravid woman, who was known to have CPT type 2 deficiency, presented at 38 weeks gestation. She had been admitted to the delivery unit by her obstetrician because her blood pressure was noted to be 140/90 mmHg in the antenatal outpatient clinic.
The patient had first presented to hospital at the age of 12 with an acute respiratory infection, generalised muscle weakness and dark urine. She had myoglobinuria with a markedly elevated serum creatine phosphokinase concentration and a diagnosis of rhabdomyolysis was made. Over the next few years, she had several further hospital admissions with rhabdomyolysis, these episodes being precipitated by infective illnesses, heavy exercise, extremes of heat and cold or prolonged fasting. The patient was advised that maintaining hydration, avoiding hypoglycaemia by eating regularly and minimising overexertion might avoid further episodes of rhabdomyolysis. A muscle biopsy later confirmed the diagnosis of CPT type 2 deficiency.
Following successful in vitro fertilisation, the patient was managed during the pregnancy by her obstetrician and a clinical geneticist. She had been warned by the obstetrician that the stress of pregnancy had the potential to precipitate an episode of rhabdomyolysis and that epidural analgesia would be beneficial during labour. However, anaesthetic referral did not occur until the patient was admitted to the delivery unit many weeks later. On separate occasions she had undergone dental extraction and in vitro fertilisation under sedation (pethidine, midazolam and propofol) but had never had a general anaesthetic. Concern had been expressed by a consultant anaesthetist many years earlier regarding the safety of general anaesthesia in this patient. Although the diagnosis of CPT type 2 deficiency was not known at that time, an anaesthetist had advised that regional rather than general anaesthesia was preferred and that known precipitants of malignant hyperthermia should be avoided.
The patient was seen by an anaesthetist, for the first time in this current pregnancy, immediately after admission. A management plan was formulated with her by the anaesthetic and obstetric teams. Early epidural analgesia was advised together with an infusion of 10% dextrose once labour had commenced. In addition, regular temperature monitoring was planned to ensure early intervention to maintain normothermia and to avoid extremes of temperature that could precipitate rhabdomyolysis.
Due to concerns regarding life-threatening complications in patients with CPT type 2 deficiency undergoing general anaesthesia 2, 3 , it was strongly recommended that regional anaesthesia be used if caesarean section became necessary.
The patient was observed. Her blood pressure increased to 145/100 mmHg the next morning so labour was induced with prostaglandins. Only a trace of protein was found on urine dipstick and it was considered she did not have pre-eclampsia. A 10% dextrose infusion was started, intramuscular pethidine and metoclopramide administered by the midwife and an epidural catheter inserted 90 minutes later. Labour progressed quickly and four hours after the epidural infusion was commenced a healthy female infant weighing 3.24 kg was delivered. The placenta was delivered uneventfully and intact.
The dextrose infusion was continued for several hours until the patient could eat. Plasma creatine kinase (CK) concentration rose to 380 u/l the day following delivery and to 496 u/l the next day. By the third day postpartum it had fallen to 311 u/l and both mother and baby were discharged home.
DISCuSSION
We have described a woman with CPT type 2 deficiency who had an uneventful labour and vaginal delivery. There have been only seven previous reports of the management of CPT type 2 deficiency in labour [4] [5] [6] [7] [8] [9] . The first of these involved two pregnancies in the same patient and was published in 1994 4 . Previous reports describe women with CPT type 2 deficiency who delivered either vaginally (Table 1) or by caesarean section (Table 2 ). Intravenous glucose infusions are regarded as a mainstay of treatment, with regular blood glucose monitoring continued into the postpartum period [4] [5] [6] [7] [8] [9] . Regional analgesia was used in four of the five patients who had a vaginal delivery. Early neuraxial labour analgesia is recognised as an important intervention to control the release of endogenous catecholamines which could precipitate rhabdomyolysis [5] [6] [7] . However, rhabdomyolysis can also occur post delivery. As noted in other cases [5] [6] [7] , in our patient the creatine kinase level rose significantly, although there were no accompanying serious clinical sequelae. Indeed, the only report showing evidence of clinically significant renal failure peripartum involved a patient who demonstrated features of severe pre-eclampsia and suffered a major haemorrhage at the time of caesarean section 9 . It has been postulated that CPT deficiencies may predispose women to pre-eclampsia related conditions 9 . ylitalo et al 9 reported a patient with CPT deficiency and known raised blood pressure who presented at 37 weeks gestation with anaemia, low platelets and raised liver enzymes. Our patient had recent onset gestational hypertension and although she was not thought to have pre-eclampsia, her labour was induced before her condition potentially worsened. Although the obstetric team had recommended epidural analgesia for her labour to her, she was not referred to the anaesthetic team until her admission at 38 weeks gestation. This late referral did not affect the outcome in this case, but it would have been preferable to have had additional time to consider and discuss choices for anaesthetic management for labour and emergency caesarean section, if required.
Our patient was given intramuscular pethidine and metoclopramide prior to siting the epidural catheter. Although we cannot find any evidence of complications from intramuscular drugs in patients at risk of rhabdomyolysis, we consider drug administration by this route is best avoided. In hindsight, epidural analgesia should have been commenced at that point.
The choice of vasopressor in patients with CPT deficiencies has not been addressed previously. Strenuous exercise and labour are considered to be potent triggers of rhabdomyolysis and both are associated with large increases in blood catecholamine levels. Mardirosoff et al 5 reported the use of adrenaline 50 µg in a spinal mixture for labour analgesia in a patient with CPT deficiency and idiopathic thrombocytopenia. A rise in plasma creatine phosphokinase concentration and myoglobinuria, without clinical sequelae, were noted post delivery. Our patient had a short labour and a normal vaginal delivery following epidural analgesia with ropivicaine 0.2% plus fentanyl 2 µg/ml boluses and did not require treatment with vasopressors. In our opinion, appropriate fluid and vasopressor administration to optimise haemodynamics and tissue perfusion are likely to be the best means of avoiding rhabdomyolysis during neuraxial analgesia and anaesthesia. Concern has been expressed regarding the safety of general anaesthesia in patients with CPT deficiencies 2, 3 . vladutiu 10 . Clinical features such as metabolic acidosis, rhabdomyolysis and hyperlipidaemia, leading to asystole and death, have been reported in patients receiving infusions of propofol, most commonly on intensive care units. Infusions of more than 48 hours duration at rates of greater than 4 mg/kg/h have shown the strongest association with development of PRIS. However, the syndrome has been reported in patients given high dose propofol infusion for as little as five hours. The mechanism of PRIS is unknown but impaired mitochondrial fatty acid oxidation by propofol is one hypothesis 10 . We found three case reports of patients with CPT deficiencies who had caesarean section. A patient in preterm labour with a breech presentation, reported by Ramsey et al 8 , had a spinal anaesthetic. The anaesthetic technique used for the other two patients is not mentioned, although it would seem likely that the patient presented by ylitalo et al 9 had a general anaesthetic as lifethreatening bleeding requiring hysterectomy was reported. Although the safety of general anaesthesia in patients with CPT deficiencies is unclear, it would seem prudent to avoid suxamethonium and other known precipitants of MH. Propofol infusion would be required for general anaesthesia but infusion duration and rate should be limited to the minimum necessary. Co-infusion of short acting opioids such as remifentanil may help achieve this. Regional anaesthesia is clearly first choice in this condition.
This case supports the view that early epidural analgesia, glucose supplementation and good hydration are strategies which should reduce the risk of labour-induced rhabdomyolysis in patients with carnitine palmitoyl transferase deficiencies.
